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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S265randomly included in this substudy (¼A) that had 60 months and 84
months MRIs available. Another 10 participants were included with
baseline, 60 and 84 months MRIs (¼substudy B). MRI was performed at
a 1.0 T extremity system using axial and sagittal proton-density
weighted sequences and a coronal STIR sequence. MRIs were read by
four radiologists separately with the chronological sequence known to
the readers. For substudy B, readers were aware of the baseline scores.
MRIs were assessed semiquantitatively using a modiﬁed WORMS sys-
tem. Assessed were cartilage, osteophytes, bone marrow lesions, sub-
chondral cysts, bone attrition, meniscus damage, meniscal extrusion,
Hoffa-synovitis, effusion-synovitis, cruciate and collateral ligaments,
popliteal cysts, tibio-ﬁbular cysts, loose intra-articular bodies and
anserine and pre-patellar bursitis. Weighted kappa statistics were
applied to determine reliability between readers (R1 vs. R2, R1 vs. R3,
R1 vs. R4, R2 vs. R3, R2 vs. R4, R3 vs. R4) for cross-sectional (for 60
months only) and longitudinal (i.e. evaluation of change) assessment.
Results: Subjects were on average 65.4 years old (SD  7.4) with 12
(60%) women and mean BMI of 29.8 (SD  5.0). Baseline Kellgren-
Lawrence grades were 0 for 2 knees, grade 1 for 7 knees, grade 2 for 6
knees and grade 3 for 5 knees. For substudy A, cross-sectional reliability
of cartilage scoring ranged between 0.85 and 0.96 and longitudinal
between 0.50 and 0.82. BML assessment showed w kappa values
between 0.85 and 0.93 (cross sectional) and 0.71 and 0.88 (longi-
tudinal). Meniscal tears were scored between 0.89 and 0.97 (cross-
sectional) and 0.56 and 0.80 (longitudinal). Osteophytes were assessed
with kappas ranging between 0.92 and 0.95 (cross-sectional) and 0.49
and 0.71. Most other osteoarthritis features were evaluated with kappa
values between 0.5 and 1.0 (Table 1). Results for substudy B were
comparable in regard to agreement (Table 2).
Conclusions: Semiquantitative OA assessment on MRI shows good
reliability for up to four trained and calibrated readers. Cross-sectional
reliability seems to be slightly superior compared to scoring of change.
Reliability did not differ for readings of three time points with baseline
known to the readers or two time points without knowledge of baseline
scores. Some of the scores at both ends of the reliability scale have to be
interpreted in light of low prevalence of some of the features.
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DEFINING RADIOGRAPHIC KNEE OSTEOARTHRITIS: A COMPARISON
BETWEEN THE KELLGREN & LAWRENCE CLASSIFICATION AND
OARSI ATLAS
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Purpose: Many different classiﬁcation systems exist to deﬁne the
presence of radiographic knee osteoarthritis (OA). Each system has
different cut-offs to deﬁne the presence of radiographic knee OA,
making comparisons of OA prevalence across studies problematic. Two
of the most widely used radiographic classiﬁcation systems are the
Kellgren & Lawrence (KL) system and the Osteoarthritis Research
Society International (OARSI) atlas criteria. While it has been suggested
that the cut-off for deﬁning knee OA is similar for both systems, no
direct comparison has been undertaken. Thus, the aims of this study
were to investigate and compare radiographic tibiofemoral OA rates
using the KL system and the OARSI atlas criteria, compare qualitative
(KL and OARSI) and quantitative (millimetres) measures of joint space
narrowing (JSN) and evaluate reliability of the two systems.
Methods: Six-hundred and twenty-one individuals (1,242 knees) aged
40-80 yearswith self-reported hand, hip or kneeOAwere recruited from
a population-based cohort study in Norway. Standardised poster-
oanterior radiographs (using a Synaﬂex frame) of 1,178 knees free of
arthroplasty or osteotomy were graded with the KL system (grade 0–4)
and OARSI atlas. KL grade 2 was separated into KL2/ost (osteophyte
alone) or KL2þ (ostephyte and possible JSN). The OARSI atlas includes
both osteophytes and JSN, individually scored from grade 0 (no change)
to grade 3 (severe change). Minimum joint space width (mJSW) was
measured manually in millimetres with digital callipers. All evaluations
were performed bya single physicianwhowas trainedbyan orthopaedic
surgeon with over 20 years of experience in radiographic assessment.
Intra- and inter-rater reliability was evaluated from 60 radiographs.
Results: According to the KL system (KL2þ), 167 knees (14.2%) had
tibiofemoral OA and 203 (17.3%) knees had KL2/ost. In contrast, 309
knees (26.2%) had tibiofemoral OA according to OARSI atlas criteria
(osteophyteor JSN grade2or grade1 JSN in combinationwith a grade1osteophyte). KL andOARSI JSN descriptionswere signiﬁcantly associated
with mJSW measured quantitatively (p < 0.022). Intra-rater and inter-
rater reliability for the KL system (weighted-kappa: 0.97 (0.92–1.0) and
0.67 (0.54–0.79), respectively) and OARSI atlas (weighted-kappa: 0.86
(0.78–0.95) and 0.73 (0.63–0.84), respectively) was acceptable.
Conclusions: Radiographic tibiofemoral OA was almost twice as com-
mon using the OARSI atlas criteria compared to using the KL system.
This discrepancy is likely to contribute to the large variability of OA
prevalence observed in the literature. The cut-off for deﬁning radio-
graphic tibiofemoral OA with the OARSI atlas should no longer be
considered equivalent to the KL system cut-off of grade 2, or to the
proposed cut-off incorporating a deﬁnite osteophyte alone. Future
studies should include MRI to examine which of the radiographic
classiﬁcation systemsmost accurately represent radiographic structural
joint changes. Consensus regarding radiographic cut-offs to deﬁne OA is
urgently needed as radiography remains the recommended modality to
evaluate OA presence and progression.
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DETECTION OF KNEE OSTEOARTHRITIS FEATURES
N.A. Segal y, J.A. Lynch z, J. Niu x, A. Guermazi k, M.C. Nevitt z,
J.C. Torner y. yUniv. of Iowa, Iowa City, IA; zUniv. of California, San
Francisco, San Francisco, CA; xBoston Univ. Sch. of Med., Boston, MA;
kBoston Univ. Med. Ctr., Boston, MA
Purpose: To evaluate the sensitivity, speciﬁcity, accuracy and predictive
value of weight-bearing computerized tomography (WBCT) of the knee
in depicting osteophytes and subchondral cysts, in comparison with
ﬁxed-ﬂexed radiographs, using magnetic resonance imaging (MRI) as
the reference standard.
Methods: Out of 83 MOST participants, who met inclusion criteria (had
knee radiographs andMRI in the past year that met MOST reading center
quality control criteria, live in proximity to Iowa City and distal thigh
width did not exceed the 38.1 cm gantry), 19 were recruited with knees
discordant for KL grade in order to represent a range of OA features. Fol-
lowing informed consent, participants stood on the scanner platform. A
custom positioning system was used to maintain foot external rotation
and ﬁxed knee ﬂexion angles, with participants’ thighs and hands con-
tacting the unit for stability and prevention of motion. The scanner pro-
duced pulsed cone-beam x-ray (effective dose equivalent 10 mrem) on a
30 30 cm amorphous silicon ﬂat-panel detector over a 360 projection
angle with total scan time of 32 seconds. A 3D axial CT dataset with iso-
tropic resolution of 0.37 mm and FOV of 350mmwas reconstructed from
initial cone-beam projection images. Marginal osteophytes and sub-
chondral cysts were scored on bilateral radiographs and bilateral WBCT
images (axial reconstructed as coronal plane images) according to the
OARSI grading system and dichotomized into either present (grade 1 or
above) or absent (grade 0). ForWBCT, the reader selected the coronal slice
that best demonstrated the joint space and osteophytes. All images were
read in a random order, and radiographs and WBCT images were read
during separate sessions, with a 2-week interval, to prevent simultaneous
assessment of bothmodalities, which could potentially bias the readings.
MRIs (axial and sagittal proton density-weighted and coronal STIR
sequences) of the same knees were also read for the same features, also
with a 4-week interval from reading other modalities. The presence of
marginal osteophytes and subchondral cysts detected with conventional
radiography and WBCT were compared with those detected with MRI of
theknee, as awhole andaccording to location (i.e.,medial or lateral, femur
or tibia). MRI ﬁndings were used as the reference standard. Sensitivity,
speciﬁcity, and accuracy for the detection of those lesionswere calculated
in the left and right knees separately and McNemar’s test was used to
examine for statistically signiﬁcant differences between imaging modal-
ities. Positive and negative predictive values also were calculated, and
using generalized estimating equation marginal regression models, we
assessed the signiﬁcance of the differences.
Results: Of the 19 participants, there were 8 women and 9 participants
were age 50–59, whereas 10 were age 60–69. The mean BMI was 30.0
kg/m2. Of the 152 surfaces (medial and lateral femur and tibia for 38
knees), MRI revealed 79 osteophytes and 10 subchondral cysts (Table 1).
In comparison with osteophytes and subchondral cysts detected by
MRI, WBCT was signiﬁcantly more sensitive and accurate than plain
radiographs (Table 2). For osteophytes, the greatest differences in sen-
sitivity and accuracy were detected at the medial femur. A low rate of
subchondral cysts as well as a low rate of false positive osteophytes on
Table 1
Frequency of Knee OA Features Detected by Radiography and WBCT in Comparison
with MRI.
Feature X-ray vs. MRI WBCT vs. MRI
MRI no MRI yes MRI no MRI yes
Osteophyte Not Detected 73 34 71 6
Detected 0 45 2 73
Subchondral Cyst Not Detected 142 9 140 0
Detected 0 1 2 10
Table 2
Diagnostic Performance of Radiography and WBCT in Comparison with MRI.
Feature/Modality Sensitivity Speciﬁcity Accuracy PPV NPV
Osteophytes
Radiographs 57.0% 100%* 77.6% 100% 68.2%
WBCT 92.4% 97.3% 94.7% 97.3% 92.2%
p-value <0.0001 - <0.0001 - <0.0001
Subchondral Cysts
Radiographs 10% 100%* 94.1% 100% 94.0%
WBCT 100% 98.6% 98.7% 83.3% 100%
p-value 0.0039 - 0.0625 - -
* 1 correctly identiﬁed and no false positives
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S266radiographs limited ability to compare speciﬁcity between the modal-
ities. Reading each plain radiograph required approximately 5 minutes
(due to features being superimposed in the coronal view), while WBCT
required less time due to greater accuracy enhancing ease of scoring
features.
Conclusions:WBCT imaging appears to be more sensitive and accurate
for detection of osteophytes and subchondral cysts than conventional
ﬁxed-ﬂexion radiography. In addition, the 3D weight-bearing images
also may enable participant-speciﬁc optimization of the joint-space
viewing angle, through customized coronal reconstructions. Additional
study is indicated for assessing diagnostic performance of WBCT
measures of joint space narrowing, progression of OA features and OA
features in the patellofemoral joint.
467
3D ARTICULAR CARTILAGE RECONSTRUCTION USING IN VIVO
MULTINUCLEAR MR IMAGES
A. Hani y, D. Kumar y, A. Malik y, N. Walter y, R. Razak z, A. Kiﬂie z. yCtr.
for Intelligent Signal & Imaging Res. (CISIR), Universiti Teknologi
Petronas, Tronoh, Malaysia; zHosp. Pantai, Ipoh Malaysia, Ipoh, Malaysia
Purpose:Morphology (thickness and volume) of articular cartilage (AC)
plays an important role in assessing onset and progression of osteo-
arthritis (OA). Thickness and volume of AC can be measured in different
compartments of weight-bearing and central regions that require
reconstructions of 3D AC models. However, due to local variations in AC
tissue properties, knee MR images obtained from most hydrogen based
MR pulse sequences suffer from low and varying intensity issues that
makes it difﬁcult to segment AC automatically for subsequent 3D recon-
struction. Thiswork aims to reconstruct 3Dmodels of AC by the combined
assessment of 23Na and 1H multinuclear in vivo knee MR images.
Methods: A specialised radiofrequency (RF) coil consisting of two
channels (23Na & 1H) is used to scan four human subjects at 1.5T MR
system that facilitates MR spectroscopy imaging. Two separate MR
pulse sequences namely, 3D Gradient Echo sequence and MEDIC are
used for sodium and proton imaging of knee respectively. Data pro-
cessing has been performed using customised routines written in
MATLAB. Pre-processing of sodium MR images is performed to
extract sodium rich region by re-sampling of sodium extracted slices
to interpolate sodium slices located in the ﬁeld of view corresponding
to proton slices. The product and average of re-sampled sodium
extracted slices with original proton slices produces fused MR images.
Automatic segmentation of AC is then performed in which enhanced
cartilage regions in the fused images are segmented using thresh-
olding (Otsu algorithm). Here, all connected components (set of pixels
that form a connected group) in the binary threshold image are
labelled resulting in the identiﬁcation of all connected groups asseparate objects in the labelled image. Since cartilage is typically
convex in shape, the largest convex shaped object in the image is
extracted in the following step. The edges of the extracted object form
the segmented AC region. The ﬂow diagram of Fig. 2 represents the
steps involved in automatic segmentation. For the reconstruction of
3D AC models, all segmented slices are stacked in parallel and iso-
surfaces are computed to extract vertices and the faces that connect
points of equal elevation. The data in rendered in 3D space to visualise
the 3D AC models. The ﬂow diagram for the steps involved in 3D
reconstruction is also shown in Fig. 2.
Results: Figure 1 shows the visual representation of results obtained at
different stages involved during pre-processing. Figure 1(a) and
Figure 1(b) represents the original proton and sodium knee MR images
respectively that are acquired using a specialised RF coil. SodiumkneeMR
images are then further processed and sodium rich region is extracted as
shown in Fig. 1(c). Since, the size of sodium extracted slices and original
proton slices are different, up-sampling using cubic spline interpolation is
applied on sodium extracted slices resulting in similar size to proton MR
images as shown in Fig. 1(d). Furthermore, fusion of re-sampled sodium
extracted sliceswithoriginal proton slices is performedby localising slices
inﬁeld of viewand taking theproduct andaverage of corresponding slices
as shown in Fig.1(e). The resultant fused slice contains high contrast in AC
region compared to surrounding tissues that were further segmented
automatically by applying threshold and image property operations as
shown in Fig. 2 (a). In this way, all the slices are ﬁrst segmented auto-
matically and further stacked in parallel. Segmented slices are further
processed to extract the vertices and faces using isosurface and rendering
is performed to generate 3D models of AC. In addition, smoothening is
applied on vertices and faces for better rendering and visual representa-
tion of AC 3D models as shown in Fig. 2(b).Fig. 2. Left: Flow diagrams showing steps involved in automatic seg-
mentation and corresponding illustration showing the outputs (a). Right:
(a) Flow diagram showing step involved in 3D reconstruction and corre-
sponding reconstructed models (top) and after applying smoothening
(bottom).
Conclusions: The use of multinuclear (23Na and 1H) MR knee data can
overcome the low and varying intensity in MR images. This approach
enables AC regions to be automatically segmentedwith advanced image
processing techniques. Reconstructed 3D articular cartilage models can
be used to assess morphology of AC in different compartments.
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